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ABSTRACT 


This report provides ichthyoplankton and associated station 
and tow data from California Cooperative Oceanic Fisheries 
Investigations (CalCOFI) cruises conducted off California and 
Baja California in 1951. It is the first report in a series that 
presents these data for all biological-oceanographic CalCOFI 
surveys from 1951 to the present. A total of 1368 stations were 
occupied during 12 monthly multivessel cruises over the quarter- 
million square mile survey area which extends from the 
California-Oregon border to Cape San Lucas, Mexico and seaward to 
several hundred miles. The data are listed ina series of 6 
tables; the background, methodology, and information necessary 
for interpretation and quantitative analysis of the data are 
presented in an accompanying text. All pertinent station and tow 
data, including volumes of water strained and standard haul 


factors are listed in the first table. Another key table lists, 
by station and month, standardized counts of each of the 134 
larval fish taxa identified from survey samples. This and 


subsequent reports will make the CalCOFI ichthyoplankton and 
station data available to all investigators and will serve as 
guides to the newly developed computer data base. 


INTRODUCTION 


This report, the first of a series, provides ichthyoplankton 
and associated station and tow data from California Cooperative 
Oceanic Fisheries Investigations (CalCOFI) joint biological- 
oceanographic survey cruises conducted in 1951. This program 
was initiated in 1949 under the sponsorship of the Marine 
Research Committee of the State of California, to study the 
population fluctuations of the Pacific sardine (Sardinops sagax) 
and the environmental factors that may play a role in such 
fluctuations. CalCOFI, known as the California Cooperative 
Sardine Research Program from 1949 to 1953, was made up of 
representatives of the South Pacific Fisheries Investigations 
(SPFI) of the U.S. Fish and Wildlife Service [now the La Jolla 
Laboratory, National Marine Fisheries Service (NMFS)], the 
Scripps Institution of Oceanography (SIO), the California 
Department of Fish and Game (CDFG), the California Academy of 
Sciences (CAS) and the Hopkins Marine Station of Stanford 
University. The first three of these agencies supplied ships and 
personnel to conduct the sea _ surveys. NMFS processed the 
plankton samples and analyzed the ichthyoplankton from them. SIO 
processed and analyzed the hydrographic samples and measurements 
and also analyzed invertebrate groups from the plankton samples. 


The boundaries, station placement, and sampling frequency 
for the CalCOFI survey area were based on the results of joint 
biological and oceanographic cruises conducted by NMFS and SIO 
during 1939-41. Those cruises were designed to collect sardine 
eggs and larvae and associated hydrographic data over the entire 
areal and seasonal spawning range of the’ species. On these 
survey cruises, plankton tows were made to 70 m, a depth which 


encompassed the vertical distribution of sardine eggs and larvae. 
Wide-ranging joint biological and oceanographic survey cruises 
were resumed in 1949 with sardine as the focus; however, an 
increasing interest in other biological components resulted in 
the deepening of standard tows to 140 m in 1951. This marked the 
beginning of truly quantitative ichthyoplankton sampling on 
CalCOFI surveys. 


Data resulting from CalCOFI surveys in 1951 have been 
published in a number of forms. Hydrographic data (Reid et al., 
1963), zooplankton volumes (Staff, SPFI, 1952; Thrailkill, 1956; 
Smith, 1971) and ichthyoplankton data for selected species 
(Ahlstrom, 1953) were presented in standard formats. The latter 
lists counts for eggs and larvae of sardine and for larvae of 
northern anchovy (Engraulis mordax), jack mackerel (Trachurus 
symmetricus), Pacific mackerel (Scomber japonicus), Pacific hake 
(Merluccius productus), and rockfishes (Sebastes spp.). Also, 
length frequencies are listed for sardine and anchovy larvae. 
Distribution maps of larvae of 5 of these species taken on 
CalCOFI surveys during 1951 are presented in the CalCOFI Atlas 
series (Kramer and Ahlstrom, 1968; Ahlstrom, 1969; Kramer, 1970; 
Ahlstrom ety al, 97/8) 


A computer data base for eggs and larvae of sardine and 
anchovy and for larvae of hake, and the two mackerels was 


established in 1969. The development of a data base for other 
fish larvae is a complex undertaking because competency of 
identification has evolved steadily over the past 38 years. We 
began the task of producing a CalCOFI ichthyoplankton data base 
and associated data report series in 1983. All available 
original records for 1951 were subjected to an extensive 
verification and editing process to produce this’ report. This 


and subsequent reports make the CalCOFI ichthyoplankton and 
station data available to all investigators and serve as guides 


to the computer data base. The data base will be modified when 
additional errors are discovered and when composite taxa from the 
earlier years are reidentified. These reports are the 


fundamental reference documents against which subsequent changes 
in the data base can be compared. 


SAMPLING AREA AND PATTERN 


In 1951, CalCOFI survey cruises were conducted at monthly 


intervals. A total of 1368 stations were occupied on 12 
cruises, with an average of 120 stations per cruise (range of 65- 
170). Coverage of the survey station pattern varied among 


cruises and the entire quarter-million square mile survey area 
was not covered on any Single cruise (Figures 1-13; Table 1). 
The area off northern California (lines 40-57) was covered on 


only two cruises made in July and August. Coverage off central 
California (lines 60-77) was more consistent with stations 
occupied monthly, except during February and March. The area 


between Pt. Conception, California and Pt. San Juanico, Baja 
California (lines 80-137) was surveyed monthly, except for 


December when coverage extended south only to San Cristobal Bay 
(einer 123) The area off southern Baja California (lines 140- 
157) was surveyed in March, June, and September. Coverage 
extended seaward to stations 120 or 130 (approximately 300-400 
miles offshore) on some lines in the main sampling area but 
typically did not extend beyond station 90 (approximately 160-250 
miles offshore)~. Offshore coverage was greatest between January 
and July and generally diminished during later cruises. 


Six vessels were employed on these cruises: the Black 
Douglas, of NMFS, the Crest, Horizon, and Paolina T of SIO, and 
the N. B. Scofield and Yellowfin of CDFG. Two to four vessels 


participated on each cruise with three being the usual number. 
The Crest was used on all cruises except 5112 and the Black 
Douglas on) allel but) oO sands oaali2r The other four vessels 
participated on a total of 13 cruises (Ahlstrom, 1953). 


SAMPLING GEAR AND METHODS 


The standard CalCOFI net used from 1949) to 1969 had a ~~ t=m 
diameter mouth opening (0.785 m“ area) and an overall length of 
about 5 m. The net was constructed of 30xxx gauze, a heavy duty 
grade of silk bolting cloth, with a mesh size of 0.55 mm after 
shrinkage. The last 40 cm of the cone and the cod end were 
constructed of 56xxx grit gauze which had a mesh size of 0.25 mm 
after shrinkage. The net ring was fastened to a short 3-lead 
bridle connected to several meters of line which attached to the 
towing cable by a clamp. A current meter was suspended in the 
center of the net mouth to measure volume of water filtered (see 
Kramer et al., 1972, for further details). 


The standard tow from 1951 through 1968 was an oblique haul 
to 140 m depth (to 15 m of the bottom in shallow areas) designed 
to. filter a constant amount of water per depth interval (ca. 
3m-/m of depth) over the vertical range of most ichthyoplankters. 
Hauls were made at a ship speed of 1.5-2.0 knots and initiated by 
clamping the net line to the towing cable with the 45 kg terminal 


lcalcoFI lines are arranged perpendicular to the coastline and 

extend from the Canadian border (line 10) to below Cape San 
Lucas, Baja California (line 157). Stations were established 
on the basis of a perpendicular to line 80 (off Pt. Conception) 
at a point designated as station 60. Stations were plotted 
seaward and shoreward from station 60 on each line. Cardinal 
CalCOFI lines (those ending in "0") are 120 miles apart and 
usually bracket two ordinal lines (ending in "3" or "7", so that 
lines are 40 miles apart over most of the pattern. Cardinal 
stations are 40 miles apart and typically these are separated by 
a station number ending in "5" so that stations are 20 miles 
apart out to station 90 on most lines. Stations are placed at 
closer intervals near the coast and islands to accommodate these 
features (see Kramer et al., 1972 for further details). 


weight about 10-15 m below the surface. The net was lowered to 
140 m depth by paying out 200 m of wire over a 4 minute period 
(35 m of depth/min.). After fishing at depth for 30 seconds, the 
net was retrieved at 20 m/min. (14 m depth/min.). The angle of 
stray of the towing cable was recorded every 30 seconds and 
maintained at 45° (+3°) by adjusting the ship speed and course. 
After reaching the surface, the net was washed down and the 
samples preserved in 5% formalin buffered with sodium borate. 
Flowmeter readings were made at the beginning and end of each 
tow. Detailed descriptions of gear and methods are given by 
Ahlstrom (1953), Kramer et al. (1972), and Smith and Richardson 
(1977). 


LABORATORY PROCEDURES 


Laboratory processing began with the determination of a 
displacement volume for each sample (methods described in Staff, 
SPELL, U95seands Kramer eb all, = = 1972)rs Zooplankton volumes 
(including ichthyoplankton) of samples collected in 1951 are 
listed in Staff, SPFI (1952) and presented graphically in 
Thrailkill (1956) and Smith (1971). 


Sorting involved the removal of ichthyoplankton from the 
sample and identification and separation of eggs and larvae of 
selected species (see introduction). Usually, each sample was 
sorted completely; however, some of the samples were fractioned 
into aliquots using a Folsom plankton splitter (McEwen et al., 
1954) prior to sorting. Several criteria“ were used to determine 
whether a sample was fractioned: samples containing an abundance 
of thaliacians and coelenterates and exceeding 150 ml in total 
plankton volume were fractioned (to 50%, 25%, 12.5%, or 6.25%) to 
approximate a reduced volume of 50 ml for sorting; samples with 
an excessive quantity of fish eggs and/or larvae were 
occasionally fractioned to expedite the sorting process in order 
to meet scheduled deadlines. If the identified fraction of an 
aliquot yielded rare or interesting species of fish larvae, the 
remaining fraction was frequently sorted and identified with the 
intent of finding additional specimens. Aliquot percentages for 
fractioned samples from 1951 are listed in Table 1 under the 
"Percent Sorted" column. 


A “standard haul factor" (SHF) was calculated for each tow 
to make them comparable and allow estimations of areal abundance. 
This factor adjusts the number of eggs or larvae in a haul to the 
number in 10 m~ of water strained per meter of depth fished. bre 
the vertical distribution of the species has been encompassed, 
then the adjusted value is equivalent to the number under 10 m 
of sea surface. The SHF is calculated for each haul by the 
formula: 


2Dersonal communication, James R. Thrailkill, National Marine 
Fisheries Service, Southwest Fisheries Center, La Jolla, CA. 


SHF = 10 D 


V 
where D = depth of haul = cosine of the average angle 
of stray of the towing cable multiplied by 
cable length (m) 


V = total volume of water (m?) strained 
during the haul 


VaStRev a. kip 


total number of revolutions of the current 
meter during the haul 


= 
D 
(0) 
i} 
(0) 
Ww 
ll 


a = area (m2) of the mouth of the net 


p = length of column of water (m) needed to 
produce one revolution of the current 
meter. 


Tow depth, volume of water strained, and standard haul factor are 
listed in Table 1 for each tow taken during 1951. Detailed 
descriptions of factors involved in calculating these values are 
presented in Ahlstrom (1948), Kramer et al. (1972), and Smith and 
Richardson (1977). 


IDENTIFICATION 


Identification of ichthyoplankton species beyond those 
separated during the sorting process was carried out by a 
separate group of specialists. Ontogenetic stages of fishes are 
inherently difficult to identify and this is further complicated 
by the large number and diversity of species which contribute to 
the ichthyoplankton of the California Current region. Most 
identifications were accomplished by establishing ontogenetic 
series on the basis of morphology, meristics, and pigmentation 
and then identifying these series by relating them to known 
metamorphic, juvenile, or adult stages with overlapping features 
(Powles and Markle, 1984). A total of about 118 taxa were 
identified in 1951, with 63 taken to species, 26 to genus, 25 to 
family, and 4 to order (after present corrections 132, 67, 29, 


iL, SF respectively). Some of the developmental series 
recognized at the time could not be assigned scientific names, 
particularly in the Bathylagidae, Myctophidae, and 
Pleuronectiformes. These were given descriptive names, which 


later were changed to scientific names as they became known. 
Knowledge of the ontogenetic stages and of the taxonomy of the 
regional ichthyofauna have increased markedly over the years’ so 
that we now identify twice the number of taxa known in 1951. 


The task of producing a reliable and equitable 
ichthyoplankton data base required extensive procedures to 
verify, correct, and edit the original identifications. The 


primary data source was the original identification sheets (see 
Kramer et al., 1972, for examples); however, a critical resource 
used in all phases of this process was the SWFC ichthyoplankton 
collection in which the CalCOFI samples are archived. Throughout 
the course of CalCOFI ichthyoplankton studies, samples have been 
identified to the lowest taxon possible. In reviewing these 
identifications for the data base, our approach has_ been 
conservative and we have preserved those identifications and 
counts which we could confirm, while correcting as many of the 
errors as possible. During the coding of the identification 
sheets, the "descriptive types" were assigned scientific names 
and reexamined, if necessary. After computer entry, taxonomic 
errors and inconsistencies in the data base were corrected and 
the most obvious identification errors were corrected. Our 
current knowledge of ichthyoplankton techniques coupled with a 
precise understanding of the development of identification 
competency in the program over the years allowed us to critically 
judge the historical records. Identifications were changed to 
different taxa, lumped to a higher taxonomic category, or given a 
more precise taxonomic name. In many cases, identifications of a 
taxon were inconsistent among cruises in a year, because of 
varying competency of identifiers. These records were made 
equitable by lumping to the higher taxonomic category to avoid 
biases that could result in quantitative misinterpretations. 


Next, statistical, seasonal, and geographic outliers were 
identified, employing a series of graphic summaries and listings. 
Examination of geographic outliers proved to be especially 
effective because of our accumulated knowledge of species 
distributions. In the course of examining samples for these 
outliers, other identification errors were discovered and 
eventually all taxa were scrutinized to some extent. Lastly, 
certain taxa were reexamined in all samples for the entire 
CalCOFI time series. These taxa were selected because of their 
commercial, ecological, phylogenetic, or zoogeographic importance 
or because taxonomic confusion was at the ordinal level. The 
following is a list of the taxa for 1951 which received special 
attention, with explanations and caveats intended to aid in 
quantitative interpretations: 


Anguilliformes - tentative and sporadic identifications to family 
or lower taxon lumped to order. 


Sardinops sagax - all specimens south of line 120 checked for 
misidentification of Opisthonema spp. 


Engraulidae - includes nearshore taxa (mostly Anchoa spp.) large 
enough to separate from Engraulis mordax. Some nearshore 
samples of small FE. mordax may contain other anchovy genera, 
but could not be differentiated. 


Nansenia spp. - all specimens checked and identified as N. 
candida or N. crassa; all specimens of these species near 
their range boundaries checked. 


Bathylagus wesethi - all listings of B. nigrigenys were southern 
specimens of B. wesethi. 


Sternoptychidae - tentative and sporadic identifications of 
hatchetfishes to genus were lumped to family. 


Bathophilus spp. - all specimens checked. 
Tactostoma macropus - all specimens checked. 


Scopelarchidae - tentative and sporadic identifications to genus 
lumped to family. 


Lampanyctus spp. - tentative and sporadic identifications to 
species (mostly descriptive types) lumped to genus. 


Diogenichthys atlanticus - all specimens at margins of range 


checked. 

Diogenichthys laternatus - all specimens at margins of range 
checked. 

Electrona rissoi - recognition of this species was inconsistent 
and others may be included in Protomyctophum crockeri or 
Myctophidae. 

Hygophum spp. - all specimens reidentified to species; residuals 


are small, poorly preserved specimens. 


Myctophum aurolaternatum - all specimens of "Astronesthidae" 
proved to be this species. 


Protomyctophum crockeri - some samples on northern lines may 
contain P. thompsoni, which was not identified at the 
time. 


Symbolophorus californiensis - all specimens south of line 120 
checked for confusion with Hygophum spp., stemming from 
descriptive names. 


Bregmaceros spp. - all gadiform types (see Index), except 
Merluccius productus and Macrouridae, reexamined. 


Ophidiiformes - this category did not exist originally and 
ophidiiform larvae were included in Brosmophysis marginata, 
Carapidae, "Otophidium", "Zoarcidae", and "blenny"; identi- 
fications of B. marginata and Carapidae proved to be mostly 
correct and "Zoarcidae" to be a yet unidentified ophidiiform 
species; all "Otophidium" and "blenny" were reexamined and 
the former included Ophidion scrippsae, Chilara taylori and 
other ophidiiform taxa (moved to order); "blenny" contained 
O. scrippsae, C. taylori, and other ophidiiform taxa in 
addition to true blennioids. 


Ceratioidei - identifications of this group were inconsistent and 
additional specimens may be in the unidentified fish larva 
category. 


Hemiramphidae - all specimens checked. 


Trachipteridae - tentative and sporadic identifications to genus 
were lumped to family. 


Melamphaes spp. - all identifications ascribed to Melamphaidae 
were reexamined and assigned to genus (Melamphaes, 
Poromitra) or species (Scopelogadus bispinosus) . 


Cottidae - some samples may include specimens of Scorpaenichthys 
marmoratus, hexagrammids (e.g., Oxylebius pictus, Zaniolepis 
spp.), and some blennioids (e.g., Hypsoblennius spp.). 


Hexagrammidae - primarily Hexagrammos spp. 


Scorpaenidae - now includes genera (Pontinus, Scorpaena, 
Scorpaenodes) other than Sebastes; some of these other 
genera remain in Sebastes, particularly on southern lines. 


Sebastes spp. - in addition to other scorpaenid genera, 
category includes some misidentified Sebastolobus spp., 
Prionotus spp., serranids, scombrids, and other spiny- 
headed shorefishes, particularly in samples’ south of 
line 120. 


Blennioidei - this is the residual of the completely reexamined 
"blenny" category, which also contained various misidenti- 
fied ophidiiforms, and is now restricted to members of 
northern stichaeioid families and true blennioids (other 
than Hypsoblennius spp.) in the southern part of the 
pattern). 


Hypsoblennius spp. - some specimens remain in Cottidae. 


Clinidae - some specimens remain in Cottidae or unidentified fish 
larva category. 


Labridae - tentative and sporadic identifications to genus were 
lumped to family. 


Chromis punctipinnis - records south of about line 120 may 
include other pomacentrid taxa. 


Mugil spp. - all specimens checked. 
Apogonidae - all specimens checked. 
Carangidae - all specimens checked; tentative and sporadic 


identifications to genus or species (except Trachurus 
symmetricus) were lumped to family. 


Gerreidae - larvae of this family and other shorefishes (e.g., 
Haemulidae, Girella nigricans, Caulolatilus princeps, 
Mullidae, Priacanthidae) were not identified and may be in 
the unidentified fish larva category or may be misidentified 
as Sebastes spp., Cottidae, etc. 


Sciaenidae - this family is underrepresented and some specimens 
may be in the unidentified fish larva category or may have 
been misidentified as Sebastes spp., Serranidae, etc. 


Scombridae - all larvae identified to this family or constituent 
taxa (except Scomber japonicus) were reexamined and reas- 
signed; underrepresentation or absence of these taxa may be 
attributed to misidentification or they may be in the uni- 
dentified fish larva category. 


Nomeidae - absence of this family attributed to misidentification 
or placement in unidentified fish larva category. 


Pleuronectiformes - all available specimens of this category 
(originally called "flatfish") were examined and reidenti- 
fied; residuals are small, poorly preserved specimens. 


Bothidae - all specimens examined and reassigned; most were 
assigned to various paralichthyid genera or to Bothus spp. 


Citharichthys spp. - tentative and sporadic identifications to 
species were lumped to genus, which also includes Etropus 
spp. and some other flatfish taxa (e.g., Parophrys vetulus). 


Hippoglossina spp. - all specimens of this genus (originally 
called "pigmented bothid") were examined and those not 
assigned to H. stomata were left at the genus (probably are 
H. tetropthalmus). 


Paralichthys spp. - all specimens of this genus were examined and 
most were assigned to P. californicus or xXystreurys 
liolepis. 


Syacium ovale - all specimens examined (originally called "spiny- 
headed bothid"). 


Xystreurys liolepis - originally misidentified as Paralichthys 
californicus; all specimens reidentified. 


Glyptocephalus zachirus - all specimens examined. 

Microstomus pacificus - all specimens examined. 

Pleuronichthys spp. - all larvae of this genus and constituent 
species were examined and assigned to species; residuals are 


small, poorly preserved specimens. 


Psettichthys melanostictus - absence of this species may be 
explained by misidentification with other flatfish species 


(e.g., Lyopsetta exilis) which we did not reexamine 
systematically. 


COMPUTER ENTRY AND EDITING 


Each taxon on the original identification sheets was given a 
3-digit code based on the list of codes in Haight et al. (1979). 
Taxon codes and counts from these sheets were keypunched by 
cruise and station, along with pertinent station and tow data and 
entered into the VAX 11/780 computer at the University of 
California, San Diego Computing Center. After entries were 
completed for an entire year, print-out listings of taxa and 
counts on each station were compared with the original data 
sheets to eliminate keypunch errors. Next, data in the file were 
cross-checked with data on an existing file which contained: 
station and tow data; numbers of eggs of sardine, anchovy, and 
saury (Cololabis saira); numbers of larvae of sardine, anchovy, 
hake, jack mackerel, and Pacific mackerel; total number of fish 
eggs; and total number of fish larvae. 


Discrepancies in ichthyoplankton data in these two files 
were corrected by inspecting original records from the’ sorting 
laboratory, the original ichthyoplankton identification sheets, 
and the samples themselves. Station and tow data discrepancies 
between the two files were corrected by reviewing ships logs and 
deck tow sheets, original records from the sorting laboratory, 
cruise announcements, publications, header information on the 
ichthyoplankton identification sheets, and station plots 
generated for each cruise. Eventually all station and tow data 
were checked by comparing these sources. 


The corrected ichthyoplankton data base was then examined 
statistically and outliers were found and checked as_ above. 
Distributional plots were then prepared for each taxon and these 
were checked by reviewing the data sources mentioned above and by 
examining archived specimens. A listing of each taxon by station 
(Table 4) was produced, which became the primary document for 
subsequent checks. Misidentifications found in geographic 
outlier checks and other misidentifications and data problems 
discovered in the course of examining archived samples resulted 
in several iterations of Table 4. Finally, totals in Table 4 
were checked against annual summaries of incidence and abundance 
(Tables 2 and 3). Ecological analyses of the data (Moser et al., 
1987) were conducted concurrently with editing procedures and 
provided cross-checks that allowed correction of errors. 


SPECIES SUMMARY 


Larvae of Pacific hake (Merluccius productus) represented 
24% of all fish larvae taken on CalCOFI cruises during 1951 and 
numbered twice as many as northern anchovy (Engraulis mordax), 
the next most abundant species (Tables 2, 3). Hake incidence was 
comparatively low (11th) as was anchovy incidence GZEh)y, 
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indicating relatively large sample sizes. The next most abundant 
species, Vinciguerria lucetia, a midwater gonostomatid, was 
widespread in samples from the southern part of the CalCOFI 
pattern and ranked 4th in occurrence. Jack mackerel larvae 
ranked 4th in abundance and 8th in occurrence. Larvae of 
Sebastes spp., a composite of about 70 species, ranked 5th in 
abundance and 1st in occurrence. The next most abundant were 
three midwater species, a deepsea smelt (Leuroglossus stilbius) 
and two lanternfishes (Stenobrachius leucopsarus and Triphoturus 
mexicanus), ranking 6th, 7th, and 8th, respectively. The latter 
ranked 2nd in occurrence. Sardine larvae ranked Schein 
abundance but only 21st in occurrence, indicating large sample 
sizes. The 10th ranked taxon was the sanddab genus 
Citharichthys, a composite of about 6 species whose distributions 
in aggregate cover most of the CalCOFI pattern. These 10 top- 
ranking taxa contributed 84.2% of all larvae taken during 1951. 
The remaining 15.8% is represented by 124 taxa. Of the 10 taxa, 
4 were midwater species, 3 were coastal demersal species or 
generic groupings, and 3 were coastal pelagic species. 


EXPLANATION OF TABLES 


Table 1 - This table lists the pertinent station and tow data for 
1951, the volume of water filtered and standard haul 
factor for each tow, the percent of sample sorted, and 
the total numbers of fish eggs and larvae. CalCOFI 
cruises are designated by four digits; the first two 
indicate the year and the second two the month. 
Within each cruise the data are listed in order of 
increasing line and station number (southerly and 
seaward directions); the order of station occupancy is 
shown on the station charts (Figures 2-13). Stations 
are designated by two groups of digits; the first set 
indicates the line and decimal fraction, if necessary, 
and the second set indicates the station on the line. 
Decimal fractions were not used in 1951. Time is 
listed as Pacific Standard Time at the start of each 
tow in 24-hour designation. Methods for determining 
tow depth, volume of water strained, standard haul 
factor, and percent sorted were described in the 
methods section. The values for total fish eggs and 
larvae represent raw counts (unadjusted for percent 
sorted or standard haul factor). Ship codes are as 
follows: BD, Black Douglas; CR, Crest; HO, Horizon; 
PE Paolina "hs yr, Yellowfin; 47) N. Be SCoGield- 


Table 2 - This table lists pooled occurrences of all larval fish 
taxa taken during 1951 in ranked order. 


Table 3 - This table lists pooled counts of all larval fish taxa 


taken during 1951 in ranked order. Numbers are 
adjusted for percent sorted and standard haul factors. 
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Table 4 - This table gives numbers of fish larvae for each taxon, 
listed by station and month. Counts are adjusted for 
percent of sample sorted and standard haul factor. 
Average values are given for stations occupied more 
than once during a month. See Table 1 for station and 
tow data and Table 6 for listing of stations with 
double occupancies during a month. The orders are 
listed in "phylogenetic" sequence modified from Nelson 
(1984). Subtaxa within each order are listed 
alphabetically. Page numbers for each taxon are given 
in the index at the end of the report. 


Table 5 - This table is a summary of pooled occurrences of all 
larval fish taxa taken on CalCOFI surveys from 1951 to 
1960. Taxa are listed in the same order as in Table 4. 


Table 6 - List of stations which were occupied twice in one month 
during Losi". Ship codes are given in explanation for 
Table 1. 
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Figure 1. Composite arrangement of diagrammatic charts showing 
areas sampled on each CalCOFI cruise during 1951. 
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Station pattern for CalCOFI Cruise 5101 showing 
tracks for each vessel. Stations with plankton tows 
only are indicated by a dot; those with plankton tows 
and hydrographic measurements are shown by a dot and 
circle. Modified from charts in Oceanic Observations 
of the Pacific (Reid et al., 1963) to include only 
those stations listed in Table 1 of this report. 
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Figure 3. Station pattern for CalCOFI Cruise 5102. Symbols as 
in Figure 2. 
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Figure 4. Station pattern for CalCOFI Cruise 5103. Symbols as 
in Figure 2. 
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Figure 5. Station pattern for CalCOFI Cruise 5104. Symbols as 
in Figure 2. 
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Figure 6. Station pattern for CalCOFI Cruise 5105. Symbols as 
in Figure 2. 
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Figure 7. Station pattern for CalCOFI Cruise 5106. Symbols as 
in Figure 2. 
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Figure 8. Station pattern for CalCOFI Cruise 5107. Symbols as 
in Figure 2. 
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Station pattern for CalCOFI Cruise 5108. Symbols as 


in Figure 2. 
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Figure 10. Station pattern for CalCOFI Cruise 5109. Symbols as 
in Figure 2. 
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Figure 11. Station pattern for CalCOFI Cruise 5110. Symbols as 
in Figure 2. 
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Figure 12. Station pattern for CalCOFI Cruise 5111. Symbols as 
im PaAgure, 2. 
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Figure 13. Station pattern for CalCOFI Cruise 5112. Symbols as 
in Figure 2. 
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The basic station plan for CalCOFI cruises from 1950 
to the present. 
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TABLE 2. Pooled occurrences of fish larvae taken during CalCOFI 
Cruises in 1951. 


Rank Taxon Occurrences 
al Sebastes spp. 600 
2 Triphoturus mexicanus 589 
3 Lampanyctus spp. 576 
4 Vinciguerria lucetia 3) 
5 Citharichthys spp. 428 
6 Leuroglossus stilbius 402 
7 Engraulis mordax 394 
8 Trachurus symmetricus Si/2 
9 Protomyctophum crockeri 37/0 

10 Stenobrachius leucopsarus 369 
iil Merluccius productus Bi5all 
lh Tarletonbeania crenularis 306 
iS} Bathylagus wesethi 259 
14 Cyclothone spp. 259 
ILS} Diogenichthys laternatus 230 
16 Disintegrated fish larva 229 
IL) Melamphaes spp. 22m 
18 Symbolophorus californiensis 206 
ILS) Unidentified fish larva 187 
20 Paralepididae 169 
AN Sardinops sagax 167 
22 Bathylagus ochotensis 153 
28 Ceratoscopelus townsendi 140 
24 Icichthys lockingtoni 125 
25 Gobiidae 116 
25 Diaphus spp. NG 
2a) Diogenichthys atlanticus 109 
28 Myctophidae 99 
29 Stomias atriventer 96 
30 Labridae 74 
Sil Ophidiiformes 68 
32 Scomber japonicus 59 
372 Scopelarchidae 59 
34 Argentina sialis 55 
34 Chauliodus macouni 55 
36 Cololabis saira 58 
37) Lyopsetta exilis Syl 
38 Nansenia crassa 50 
39 Gonichthys tenuiculus 49 
40 Idiacanthus antrostomus 48 
41 Hygophum atratum 47 
42 Symphurus spp. 45 
43 Synodus spp. 41 
44 Lampadena urophaos 39 
45 Sternoptychidae 38 
46 Chromis punctipinnis BF) 
47 Anguilliformes 3}5) 
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TABLE 2. 


Rank 


(Gone. ) 


Taxon 


Trachipteridae 

Myctophum nitidulum 
Nansenia candida 
Hygophum spp. 
Tetragonurus cuvieri 
Microstomus pacificus 
Etrumeus acuminatus 
Cottidae 

Sebastolobus spp. 
Prionotus spp. 
Chiasmodontidae 
Trichiuridae 

Microstoma microstoma 
Serranidae 

Tactostoma macropus 
Loweina rara 
Hypsoblennius spp. 
Paralichthys californicus 
Hygophum reinhardtii 
Ophidion scrippsae 
Pleuronichthys coenosus 
Ichthyococcus spp. 
Notoscopelus resplendens 
Aristostomias scintillans 
Electrona rissoi 
Carangidae 

Peprilus simillimus 
Sphyraena argentea 
Pleuronichthys spp. 
Hippoglossina stomata 
Sciaenidae 

Bathylagus pacificus 
Glyptocephalus zachirus 
Scorpaenidae 
Diogenichthys spp. 

Auxis spp. 

Brosmophycis marginata 
Physiculus spp. 
Pleuronectiformes 
Medialuna californiensis 
Diplophos taenia 
Exocoetidae 

Clinidae 

Scorpaenichthys marmoratus 
Myctophum aurolaternatum 
Chilara taylori 
Notolychnus valdiviae 
Syngnathus spp. 
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Occurrences 
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TABLE 2. 


Rank 


(Cont. ) 


Taxon 


Syacium ovale 
Hemiramphidae 
Macrouridae 

Scopelogadus bispinosus 
Bathophilus spp. 
Cyclopteridae 

Brama spp. 
Pleuronichthys decurrens 
Albula vulpes 
Xystreurys liolepis 


Pleuronichthys verticalis 


Ceratioidei 

Bothus spp. 
Tetraodontidae 

Mugil spp. 
Alepocephalidae 
Carapidae 

Gempylidae 
Atherinidae 
Porichthys spp. 
Agonidae 

Bregmaceros spp. 
Blennioidei 
Hippoglossina spp. 
Anotopterus pharao 
Hexagrammidae 
Poromitra spp. 
Opisthonema spp. 
Apogonidae 
Macroramphosus gracilis 
Bathylagus milleri 
Uranoscopidae 
Antennariidae 

Moridae 

Icosteus aenigmaticus 
Scomberomorus spp. 
Balistidae 

Aulopus spp. 
Pleuronichthys ritteri 
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Occurrences 
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TABLE 3. Pooled numbers of fish larvae taken during CalCOFI 
cruises in 1951. Counts are adjusted for percent of 
sample sorted and standard haul factor (see text). 


Rank Taxon Count 
il Merluccius productus 62594 
2 Engraulis mordax BOUSYD 
3 Vinciguerria lucetia 23308 
4 Trachurus symmetricus MONG 
5 Sebastes spp. 18495 
6 Leuroglossus stilbius 17696 
V Stenobrachius leucopsarus 16248 
8 Triphoturus mexicanus MU SHOS 7/ 
) Sardinops sagax 11058 
10 Citharichthys spp. 8411 
ial Diogenichthys laternatus 3803 
eZ Lampanyctus spp. 3516 
13 Tarletonbeania crenularis 3180 
14 Bathylagus wesethi 2578 
15 Unidentified fish larva 2196 
16 Diaphus spp. 2048 
wy Disintegrated fish larva 1778 
18 Cyclothone spp. 1547 
19 Protomyctophum crockeri 1524 
20 Synodus spp. 1341 
21 Symbolophorus californiensis 1168 
22 Ceratoscopelus townsendi 1083 
2S Bathylagus ochotensis 1070 
24 Scomber japonicus 1020 
25 Ophidiiformes WO)alA 
26 Symphurus spp. 908 
2 Icichthys lockingtoni 879 
28 Prionotus spp. 867 
29 Melamphaes spp. M23 
30 Paralepididae 592 
Sal Diogenichthys atlanticus 585 
32 Gobiidae 465 
33 Etrumeus acuminatus 423 
34 Labridae S8)al 
35 Myctophidae 350 
36 Stomias atriventer 342 
37 Carangidae 3122 
38 Argentina sialis 310 
39 Chromis punctipinnis 299 
40 Serranidae WS) 7 
41 Opisthonema spp. 915 
42 Scopelarchidae 188 
43 Ophidion scrippsae 176 
44 Lyopsetta exilis 172 
45 Anguilliformes 169 
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TABLE 3. 


Rank 


(Coniti,) 


Taxon 


Idiacanthus antrostomus 
Hygophum atratum 
Cololabis saira 
Lampadena urophaos 
Nansenia crassa 
Gonichthys tenuiculus 
Chauliodus macouni 
Sphyraena argentea 
Tetragonurus cuvieri 
Cottidae 

Microstomus pacificus 
Sternoptychidae 
Tactostoma macropus 
Trachipteridae 
Paralichthys californicus 
Auxis spp. 

Bathylagus pacificus 
Notoscopelus resplendens 
Nansenia candida 
Hygophum spp. 
Trichiuridae 

Physiculus spp. 
Sebastolobus spp. 
Microstoma microstoma 
Myctophum nitidulum 
Sciaenidae 
Chiasmodontidae 
Peprilus simillimus 
Diogenichthys spp. 
Glyptocephalus zachirus 
Pleuronichthys spp. 
Exocoetidae 
Hypsoblennius spp. 
Hygophum reinhardtii 
Electrona rissoi 
Loweina rara 
Hippoglossina stomata 
Ichthyococcus spp. 
Pleuronichthys coenosus 
Scorpaenidae 
Aristostomias scintillans 
Moridae 

Diplophos taenia 
Myctophum aurolaternatum 
Pleuronectiformes 
Brosmophycis marginata 
Clinidae 

Hemiramphidae 
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TABLE 3. (Cont.) 


Rank Taxon Count 
94 Medialuna californiensis 19 
95 Syngnathus spp. 18 
96 Albula vulpes ay] 
97 Syacium ovale 15 
OF Brama spp. 15 
99 Chilara taylori 14 
99 Scorpaenichthys marmoratus 14 
101 Bathophilus spp. 2 
101 Notolychnus valdiviae 12 
103 Macrouridae ial 
104 Xystreurys liolepis 10 
105 Scopelogadus bispinosus 9 
106 Bothus spp. 8 
106 Cyclopteridae 8 
106 Pleuronichthys decurrens 8 
109 Ceratioidei 7 
109 Icosteus aenigmaticus v/ 
iLdLil Carapidae 6 
atabal Tetraodontidae 6 
wala Pleuronichthys verticalis 6 
114 Atherinidae 5 
114 Porichthys spp. 5 
116 Mugil spp. 4 
116 Bregmaceros spp. 4 
116 Blennioidei 4 
116 Agonidae 4 
116 Gempylidae 4 
al? Aa Scomberomorus spp. 3 
17k Antennariidae 3 
121 Poromitra spp. 3 
IL PAL Uranoscopidae 3 
IL 74a Alepocephalidae 3 
IAAL Bathylagus milleri 3 
ibys Macroramphosus gracilis 3 
128 Hexagrammidae 2 
128 Apogonidae 2 
128 Anotopterus pharao 2 
128 Pleuronichthys ritteri 2 
128 Balistidae 2 
128 Hippoglossina spp. 2 
128 Aulopus spp. 2 

Total 260740 
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(cont. ) 


TABLE 4. 


Melamphaes spp. (cont.) 
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(cont. ) 


TABLE 4. 


Melamphaes spp. 
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(cont. ) 
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Unidentified fish larva (cont.) 
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Unidentified fish larva (cont. ) 
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TABLE 6. 


List of stations which were occupied twice in 


one month during 1951. 


Station 
ORO 3520 
83.0 550 
83.0 70.0 
87.0 85710 
87.0 40.0 
93.0 S010 
123750 40.0 
LAS 510) 50.0 
WAS 6 60.0 
127) <0 50.0 
WAT) OW) 60.0 
1S Sr0 30.0 
13}3}50) 40.0 
13310 50.0 
NST) 310) 3510 
130.0 35710 
130.0 40.0 
130.0 50.0 
130.0 60.0 
13720 50.0 
700 60.0 
70.0 TORO 
70.0 80.0 
730 60.0 
WH oW 50.0 
WHY 557.10 
Vo 65.0 
120.0 2157.10 
LAD > 30.0 
W205 0) 3510 
WA) 5 (0) 45.0 
120.0 60.0 
UA SO WO 
80.0 Sle 0 
80.0 55)40) 
80.0 60.0 
80.0 70.0 
80.0 80.0 
80.0 90.0 
80.0 100.0 
83.0 55.0 
85.0 38.0 
85.0 40.0 
85.0 50.0 
90.0 70.0 
LAS 5 0 S70 
123)..0 40.0 
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LOM 10 30 
103.0 315 
LOSE0 40 
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OW tO 35 
OHO 40. 
63.0 52s 
63.0 55 
677/210 S50) ¢ 
670 55 
67.0 65 
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70.0 80 
1350 50 
PSow 60 
Ho BOK 
IL PALO) 50) 60. 
EAA) 5) 70 
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This index lists taxa included in Table 4 with their 
numbers. 


Elopiformes 
Albulidae 
Aulbule WARNES’ soo ooo ooo ooo CU UO Dd UU UU OCU dO ONO UODDODO 
inches SIbOrGMES: H2yc)2 ccs © cieicls o.6 oc oc es. s iw je wes #0 0 sie 6 oes, 0 she shellsianstiolats 
Clupeiformes 
Clupeidae 
rN CUSMACUM EN AEUSumc ro etekemenene tots reenekel tekekon-aonanenen-fonel erent 
OPTSENONEMAN SPP. « yw so so ce fo iw oy 1s je 1s (04040 0 ww wimlle wee [enehe eis © 6 si 
SeIEGEE MODS) SAGAN. teuesaiera elaine iw) «Poke lo lobela wile edoleloteleteteleis ss 6 «10 
Engraulidae 
Pea TAT US MOL AN coi /ieicis's kel fete eects otene oRokehehetels mas eho. =) <0 = 
Salmoniformes 
PUES HOSS PNA AAC! neonates i tons youe ckekolateneleleroleteia ologs okenelic oheholslieletay si (0c 
Argentinidae 
(Neoinciioe) sHlel hee Gnawa COCO OOOO OP IOUO 0 OG OS oan oF 
MuCrOSEONAMNNCEOSt OMAN setchsleatonnedeieton Nokian Ron Saone Tsao olan 
NAMSGME CEINCLICE saaccooc do odd oc b oD od OUDDODOUDOOOOS 
NEURSOMLE GIGS Go boob odao oun D DOD DD ODO DO ADO OC DOUOUG 
Bathylagidae 
Beale c ue mbulleyal S855 go soso Cb ob oD BOO OU OU NOOO eae 
Baty Wags m OCNOECMS USI ic jele eis =. oe is) =! lel oks eters atenskonene) oe e1 
Balch NagusmpacCit CUS. so qehevckeiei=ie ohekon-leyauoisl otolokeenet= keke) cusleleke 
BatiyglagusmweSCEMT sisioccxeislich-ieierens otakeha rete s sll ke) lehete ts) s) svelte te 
HCULOGUOSSUS SEIT DIS» jelleieyele foie colis\iote) ois! ohels oNohs eel otshe: «i+! ini 
Stomiiformes 
Gonostomatidae 
CWEIOPICH GI)o ocoops0000gv 00D cond OOo oO OOM DRONE 
Diplopnos: LACT a, ose bielehesetetekersucretel=lel=keuohoiah ets. tshelen kate) «oie. 
MentehyOCcOCCUS MSPs pelek=ehelerokenelcneke od oie ho Noush hs heleiollefellel-lolelete 
VIC UGICE ET Ale UCCELG (se \slsiele siclclei=(s)) ciel siecle +) helehe clea tees 
Siesicieleiaifel wick G Ie OOOO MOO OO UIC DO OOD OO OU Sou Oo on Occ 
Stomiatoidea 
Chauliodontidae 
CHAUNTOGUS MACOUNE Mets oierercls) <<) <! se! s © o)s otetehoneliolle eecneeonen enone 
Idiacanthidae 
MGUMACANEMNUS MANE OSE OMUS) ne eielics)ie) el ols) >) o/c! =) efeltohels tel honoRalelere 
Malacosteidae 
ApelstoOSTOMlaASE SCPMEI | AIMS) selets silevoucuciielescle\s sole yekaisietshenelotels 
Melanostomiidae 
Ba EDOM IMIS, (SDDiagacisysseuonouosssexedons :saskeue cop okege Kons) sRepehosageleteusnenen 
TRACECOSEOMAMMACTAO DUS mysiskeyokekel eens iovee! hesokeisko nous soke | eMencielonen ei 
Stomiidae 
SeCmags Bia VANEIS Ses 6000 C04 GDC DDD OOOO CD UDDNDDONOOE 
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Myctophiformes 
Alepisauroidei 
Anotopteridae 
ANOELOPCCEUS spa tra Om ereieren-lekolel-neinelccncietslNelenenen eh enon ci neanonete 99 
iphyeeWlcjantehisee Go ako kh oo ooc coco Uo Ou o OSU an boo oouc oor oes: 99 
Aulopoidei 
Aulopidae 
/Noulop ui Eyy95 cocoosac 5o000b6o OD ODOC oODODGOODSOOOCOSOS 102 
Chloropthalmoidei 
SCOPELATCDIGAE, sone Jeneveiobesaialoke tate icfeltoltes eve oilar sleet ciaiey. Rereneiereiee == fates 102 
Myctophoidei 
MY CEODNUAACT spake <rala atavedeialaretatahersl ciehelolelo: aielictleieraialelareksliaic chenenenen mee 103 
Lampanyctinae 
Ceracoscopelus ECOWNSECNG « ..Retoistels elesivete .tolateie ee ote c soko ss 104 
DPEADRAUS BSP Pie w sereucnsse we te che cellos teisotorce touch sel en olewete meee ere keno or Sree 106 
HAMPACCTIAMUTEODMAO SmteleloNeleloieioleleleletehonedat=)fehek=tolenelatotaiel efoto 108 
HAMVATY.CEUSMm SPP lemmersnelcledelehel sich slisishekel aisle! slelolsicheekanon-neme teksten 109 
NOECOLYCDNUS, VALATV TAC gq cicicks joie che tele Rhate Mave leks eka eviclcnens 113 
NoGCoscopelus FReSPIeCNACMS) ‘ici aie) le) see) cheteleiel olen deletenenenenete 114 
Stenobrachi us, LCUCOPSALUS. is iassae wis joqane aUeleh hc edeh eel ete 114 
Tri pnoturus Mex Canus 27.16. 6... sie S56 450 3 Ort A Arai ne ay 
Myctophinae 
Di OGeni CHEN YS. SPPics wise yatere ohatetere tae Cue RG, . WIRES ROTO ee 3) cl atees wa. 
Diogeni chthys. atlantis Cus: sc wie stolen keels ole Rises se ee 2 
Diogeni CheEhys, LaAECCENALUS, coins Tatele eens. «eRe seer 122 
ELCCETORA TFISSODT vais 6 oc 0.0/0 001s) oe oie) sicioie 0c ctetoretonane Re Daeneee 124 
GONLCHERYS) CONULCULUSE «isc wie se ahem ale otbtale te Riekeaeteter ss) chsre 125 
lehexeyaytin EY)5 osoooogd DODO CoDaodGDOOS Sdo0uddcoDOCOOOOS 126 
MY GOPAUMMA CIA CHI rNoletoieNototolRekchsie ieuetensr Nensions ete nonetshe tel sielene 126 
HY GOphum: FELNRATAELD . csscxs1sisnn « host tatenets. stelolete stekoriten cc eee 2 nee | 
EOWOLTMA: “FATA, cq saceneko ious taus toe sotehe ele wb late cake te Rehe makes tetee si el eters 127 
My CclophumpaulroOLaAcCe ENA UM mele ieleleleiels(olovereiale ioe ieiatetenencustens 128 
My CEOpPhuMm, NT ELAULUM, orci che «s/o: ae oie! one) otekenesodetemeter erat aces 128 
ProtomyCEOphuMm. CFOCKCE A . oxo iotase suctiouate)ctalevalereteteteters sere) ot 129 
Symbolopnorus) Cali fornienSis, .t Etsttes <iersichono eee ele eh ate a2 
Tarletonbeania crenularisS ......... Seokseete Ne rarsteke iets eneeees 134 
Synodontoidei 
Synodontidae 
SIV MOAUS MSP le melcielenelelarelleleleiotel ilenetalelakeladaialelcloelen=aiaietermouenene Sy 7) 
Gadiformes 
Bregmacerotidae 
BEEQGMACECEOS) SPPie (see e1 ele) e) ooo 6) 01) «ol ohetenolel ciel oh omelonohers tLS57/ 
Merlucciidae 
MEFTIUCCLUS, PEOGUCEUS) (3/2) 010) << ss ole oli o/c, « ctehobohsoloieeustenehete TS7, 
MOTAGCAGC: score tans xetctensfaacdedoio toons oRevatatamuoncte euchs te ituelcnsee ous kenetemeie Woy ater 141 
Have lefUlNI Sys Soagohogqacgeacad Bo0CKOUDD Ooo ODC DoCS 141 
lwieKehaojthailfoleV- era aon Oo OO ons coco os toh condo Geo 141 
(joj qaic ibntonan=e oa oa oO Grob OO DOOD UDO DRO D UDI Ob ooo oD oo doo oo 141 
Bythitidae 
BrOSMOPRYSLS! MALO NACA <ccgevalemsteer tes ede see eee et ere 142 
CAF ADTAAES: «5 ii. «cass cher ereiesscone (ore, oierer stwietahers ouece Shel ane Coker cou oieteme mene 142 
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Ophidiidae 
Giese jeEvAlOist sooooncadgogomodboaoOoGOCCdCoC COCK UUS 143 
GDN GieneSCELPPSAC sw «ares ©) > atelier esta, <eotey eiIehe) = sie) © sire 143 
Batracoidiformes 
Batracoididae 
POTTCREMDYS ESD ee cleieteieiei rele wells: <! <.<.01 o's, aeWeitete.»  e eeteetatele oe 143 
Lophiiformes 
Antennarioidei 
Antenna tibiae yea cycyciencl st cvetevocletiohe cel © 6 10, @. 6/2): c/o. orc) 6) ss wiles aane 8, Sotelo 143 
FISTEENE SLOSS TSS 6.5 Gt Ci GPs eG Cro IORI BERR OF CCE NCH IC RCE) Cy oC ROICR hon Rea aH 143 
Beloniformes 
EXMOCOC HCAS Her: sietcic)<\es s els)aia elise: Sue ole miele’ a's'a 6 0 oid Chews ioe, © « 144 
FIST AMON GC tors wliclel a cieici oie) evel’) oe) © 9\0 ele ie) e)0 sree estes dels) Sivifenare 6s 144 
Scomberesocidae 
COVOMADINSE | SAUTE’. oc h6) aie ah si she) eieuis’ s, #8) & 516 ole, sets eleteieo anes) 144 
Atheriniformes 
IMEINGICNINICEO cocoonocoobc UDO DbDOOD UDO ODO UD ODUCOOUODOOON OME 145 
Lampriformes 
THES SIN shaSien OEY) 4.5 HA Oo ole On OIC IG GOO acai s tote cic upotctan 145 
Beryciformes 
Melamphaidae 
MeLampiaesSm SDP emielsieleistonsiciel= olelol-/elelelciellelel le kieieliel ei telelielelkell elie 146 
POTOMnE TANS Pico cs) eree« sislishicne. elle) elie <) © o1 6 lover oe) of Oe RSS = 149 
SCOPETOGAGUS (DTSDIMOSUS) cls). sens = =) tise) @ eee aye © = sicie)> 149 
Syngnathiformes 
Macroramphosidae 
MACEOLAMPNOSUS SGLACTIUES lls oss sists sels = oto alerevate = fetenntetet oie 149 
Syngnathidae 
SHAayeinersowrs Gyo oosocogcdcoond0c0 00 dd Goo DOOD OOOO DNdO 149 
Scorpaeniformes 
Cottoidei 
ING ONUUC RIES 6666 Gol Aun COU UU OOOO oO NOU OOOO COOK co cma oc OM 149 
SRGUC EIS Co ieGo OOO OOO OO OOmIOD OOO COCO CUO rn OD OC DOD OOOO aOG 149 
SCOGPACH? CHEN YS: MALMOLACUS | .\> se e1s + =! s/s liseie lore irae are 150 
Gellcjuiiaiclkise 4 oepenodnomce cl obC oc uu nmode oOo copmouuoOd 6 150 
HES AG AMM CLAS cho) wlelloiles Sil siwiefer o)e fellas) oe! she) o-oo fale iey errestieliaiict a rey =) ons 150 
Scorpaenoidei 
SGeigqgsenickia Caccsecceooo ono C OU OO CMU OOM bUSmOoC {oc CUS 150 
SCDASCCS PSDP omelel sie olelene islets ie) olele) nelle) odelieiel oRctoNoM Neuen Moston ec Alley 
SEQAGEOUIODUES Elyse coccooo0oD FO dd bDbGC OO oU ODDO DDOONOS ALB) S 
Triglidae 
PTEMONOGUS RSP Pie) ieileisi o/s e1e eisiiaile ei sele esac, exes) oe) Sipe) ote ensiae ners 155 
Perciformes 
RES TANTO GL Eel terete ettavohnlis)-<\'eicaite\c. i! os ole iariejis) oe, 0s) ©.0)'s) oe» o Sethi) oops CUSNEN GL oo ouel once 156 
Blenniidae 
lshjepstolouWsvalgnlblsy tSjojelq Glo como Colo DU nooMO Homo go God OW 156 
CHlalnicCh iS PhAe see Oo eo MICRO tome oP tA OC OC OAC CIC One 156 
Gobioidei 
GOD ITAAC area rs cysueie aes =) 5) 5 .< SHOwCy Richer a) ae, S\Guouel a) ch Pelee, cite yet o e1'e) cue, Sy 
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Icosteoidei 
Icosteidae 
TEOSECCUS* ACNLOMACLT CUS? cys sole e ect over attovol omeiay er ehenete siclers oc 158 
Labroidei 
MAD ENG ACT ee teolel ciel cteneholeielonelelolich clei leiol clei cneiolel cichenenene tenenetersaeremerenerets 159 
Pomacentridae 
CRrom’sS= PuNCET PLMMNIUS® Gece, « . aic iene oi cue sels o's se eeoeta ere Pere 160 
Mugiloidei 
Mugilidae 
Mugi ld "Sppe.® <2 % hc o5 tee ee Sete ees oaks be ORR eee mere 161 
Percoidei 
APOGONnIGae> 4% 65.5 5 NE CAE Ss ES SES See Re eee eee 161 
Bramidae 
Jsigelinel EISNG GoooGoOobadoKUO Cogn CO ODO OOO DOO ODO aODCOOO OOS 161 
CarangiGacy is és skis which. 3k SR eS wie ete ere Rete Seatere ooo ere ae ae oes 161 
Prachurus) SYMMECETT CUS Ws % Tors ss 3 sm ¥e/Srcie sus) sete eee iene ee 161 
Kyphosidae 
Meaval una) ‘Cali fFOrnilenst S* .i..6 s)<<:cs so) cieis o) cle ete ete enare ere 164 
SciaASNTdae cei 3c es oe he hoe wR lees Se ee tet we ee eletotets Gece 165 
SEPrANLAACS) (a cse.s ors 6 oreo eicho aioe ee sieie co) lie teler eerie tellcnoterskelte tere erenenetenene 165 
Scombroidei 
Gempy WAAS: eh sic .6ie S256 5S 5 ess Soe Wie Sete ee ee ean eltate See 166 
Scombridae 
AULT SV SPP <1¥ Sin 8.54 oo oe oma oh aheliaceta Mee tel sane sleet eMbis aioletone 166 
SCOMPET? JAPOMUCUS seis cio «1s o's sieseis\'s) ele) el sleet a ete ate a eenenenote 166 
SCOMVEOGOMNOLUS! iSPPie) me cieis elcleheleners olereloteteneretenctceielets lotetetetel< 167 
TRUCHIULIAAC® s.2.5°6F Sk Fs s 3.0 Fale HR ee os walle aisle ere Pa RR Me vette « 167 
Sphyraenoidei 
Sphyraenidae 
Sjommceratew Elgefsccel GooopaoonGocn cod 0 Odo om oOOU Go OOOS 168 
Stromateoidei 
Centrolophidae 
TPELCHERYS *1LOCKINGEONT © 's sts s ose GS s Se RR sete eletee es 168 
Stromateidae 
Peprilus' Simi TIMUS «iiss 3 ook oes e's swe ee Oe Nee 170 
Tetragonuridae 
TEErAGONULUS CUVLECET w.ccie ee sino sie ss eos eevee ee Oreetes 170 
Trachinoidei 
Chiasmodontidae: 66% sss <5 ss SNOB RCEORE. 20 OOM Che yeh ncacd Ore 7 
WEANOSCOPIGAS 5 52/4. Serer 61-5. S sh srs aise, Soccer eMel oleae ehenah eee ots Foratia) Sree Dy sat 
PILEUFONESECEVEOLMES. 6 yai.c coc e)'s te 0 0iic\s, o:0\-el hie elleheyelio aie ss aiaiersie auete eter mieten sie iene aby fil 
Pleuronectoidei 
Bothidae 
KYA NS ENDo cagaocco0goc SOD UIC ON OWOO O00 sie syelonel chetels abel 
Paralichthyidae 
CTERALTCHENYS MSPpisie aioe ssi a eee 3 ete reteta te cetera ahciehe tens talo cue LZ 
Hippogvoss? na Sppie ees ates ee ec ciatetatciatersrclo oterw ee retetetotarele 175 
HP pPPOGLOSS Tila (SCOMGCAl atslstel stele lore! ef cltetatelalototstate lel el-tenennetcne 7S 
Paralichthys -Californi cus: 662350056 ss sie Cee ee es 175 
SEN Mel. 6 60 oO OOOO CODCOD DoODOHOOOOnOgOO0NdC 176 
KVSELCULYS TPOWESPT Sh atetatole als ctokehe ciate tatelstatetotete tal tele te tet atare 176 
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Pleuronectidae 
Gilypaeooaenailwme BAITS sooncs0s0cna0ddCdID000D0RNK 176 
iiyife) flees) ESSHhS od OO Om OO JOO OO Go om ao oso 176 
MierOoStOMUIST Da ClLELCUS mene ole) siete eter oio is! overs} = oierm otevoloisiie lei! = V7 7, 
PHEUEONNCIEMY Sm SPD en etic aierereleiisist ole © eielsvene ciclo nedelellelelelle! elie 178 
PHCUROMUCHEMYS COCMOSUS mele sec cis ster her oienelicleiotesolmieleno isi 178 
PRETTORUCHEMYVSEGCCUELCTIS! ie = cle s<)+ os ietayeieie) 21s «cqsleis =) si love 179 
EMeCUROMNCH EMV Se ENCE CID Melee svc) eleleliorelsieieoteeiele s slslelele eels 179 
PHeEUTONUCHENVS MVCLETCOLTS© ots (elle csi si) oiove elfeheielslc oleleis 6. 31 179 
Soleoidei 
Cynoglossicae 
Swanger Gyo ooosogosoposcd0 sno dauvddDonUdOObddGG ALE) 
Tetraodontiformes 
ESeMIhcs eetiGlicd Cui ave abel eis. one) caeife ie) efoto Losapeticte cile (ete w! el'en's aersiisiei6 16eie/leh oveers. one 180 
Petes aO GC oMmtedt der snore oc ove ieee sola aie) nickels: eleliehe crs @ cveycuoloheleusrsisie siete sts 180 
Dasmmbeg Laced: fishy Larsvial -yevere leas clste soles ne ele! oles © lelleiis| oleae (o! «ella elle oie 180 
UiMiLGlermeleaerc] TST WEAVE caogoonnc doo K KD DOU DODO OOD ODO OODO OOOO 183 
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